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.QRZOHGJHPDQDJHPHQWKDVGUDZQJUHDW LQWHUHVW LQPDQXIDFWXULQJLQGXVWULHVDQGUHODWHGEXVLQHVVSUDFWLFHV:LWK WKHUHTXLUHPHQWIRUEHWWHU
PDQDJLQJ WKHPDVVLYHGDWD DQGNQRZOHGJHJHQHUDWHGGXULQJGLIIHUHQW OLIHF\FOH VWDJHVRI SURGXFWVPDQXIDFWXULQJ LQGXVWULHV DUH ORRNLQJ IRU
HIIHFWLYHZD\WRDFTXLUHVWRUHSURFHVVDQGVKDUHNQRZOHGJHIURPDQGEHWZHHQGLIIHUHQWVWDNHKROGHUVVRDVWRPDNHDSSURSULDWHGHFLVLRQVDQG
FRQWLQXRXVO\ LPSURYH EXVLQHVV RSHUDWLRQV &XUUHQW FRQYHQWLRQDO HQJLQHHULQJ LQIRUPDWLRQ V\VWHPV LQ PDQXIDFWXULQJ DSSOLFDWLRQV VXFK DV




DQ\ DGYDQWDJHV DQG EHQHILWV RYHU WKH FRQYHQWLRQDO HQJLQHHULQJ LQIRUPDWLRQ V\VWHPV 7KLV SDSHU SUHVHQWV DQ H[SHULPHQW LQ XVLQJ DQ 2SHQ








:LWKLQ HQJLQHHULQJ HQWHUSULVHV SURGXFW LQIRUPDWLRQ
EXVLQHVVSURFHVV LQIRUPDWLRQ ORJVEHVWSUDFWLFHVDQG OHVVRQV
OHDUQW DUH YHU\ YDOXDEOH UHVRXUFHV IRU HPSOR\HHV WR OHDUQ
VKDUH DQG UHXVH VR WKDW WR PDNH WKH QH[W SURMHFW VXFFHVVIXO
>@7KH LQIRUPDWLRQ LV QRUPDOO\ PDQDJHG E\ GLIIHUHQW ,&7
V\VWHPV VXFK DV 3URGXFW 'DWD 0DQDJHPHQW 3'0
V\VWHPV>@(QWHUSULVH5HVRXUFH3ODQQLQJ (53 V\VWHPV >@
3URGXFW /LIHF\FOH 0DQDJHPHQW 3/0 V\VWHPV >@ DQG
&XVWRPHU 5HODWLRQVKLS 0DQDJHPHQW &50 V\VWHPV >@





DXGLR YLGHR SLFWXUH GRFXPHQWV 'LIIHUHQW IRUPDWV RI
VWUXFWXUHGDQGXQVWUXFWXUHGLQIRUPDWLRQOHDGWRORZHIILFLHQF\
LQ VHDUFKLQJ DQG UHXVLQJ DQG PLVXQGHUVWDQGLQJ EHWZHHQ
GLIIHUHQW GHSDUWPHQWV ZLWKLQ WKH VDPH FRPSDQ\ >@ $SDUW
IURP GDWD LQIRUPDWLRQ DQG NQRZOHGJH PDQDJHPHQW SURFHVV
PDQDJHPHQW ZLWKLQ LQGXVWULHV LV DQRWKHU NH\ WR EXVLQHVV
VXFFHVV )URP WKH SURGXFW OLIHF\FOH SRLQW RI YLHZ GLIIHUHQW
VWDJHV VXFK DV SURGXFW GHVLJQ PDQXIDFWXULQJ VHUYLFLQJ DQG
UHPDQXIDFWXULQJ KDYH GLIIHUHQWZRUNIORZV LQYROYLQJ YDULRXV
VWDNHKROGHUV 7KH SXUSRVH RI SURFHVV PDQDJHPHQW LV WR
SURYLGH DOO WKH FROODERUDWRUV WR FROOHFW FDSWXUH GHOLYHU DQG
JHQHUDWH LQIRUPDWLRQ DQG NQRZOHGJH LQ WKHLU SUHIHUUHG ZD\
DQGFDQEHPDQDJHGWKURXJKWKHSURGXFWFKDLQDVZHOO>@
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientifi c committee of the 5th CIRP Global Web Conference Research and Innovation for Future Production
447 Shan Wan et al. /  Procedia CIRP  56 ( 2016 )  446 – 450 
&RQWHQW0DQDJHPHQW 6\VWHPV &06 ZLWK VWURQJ DELOLW\
IOH[LELOLW\DQGH[WHQGLELOLW\DUHEHLQJWDNHQDVRQHRIWKHPRVW
LPSRUWDQW ,QIRUPDWLRQ DQG &RPPXQLFDWLRQ 7HFKQRORJLHV
,&7V LQPDQDJLQJRUJDQL]DWLRQ LQIRUPDWLRQ DQGNQRZOHGJH
>@ ,W KDV EHHQ ZLGHO\ LPSOHPHQWHG IRU EXVLQHVV PHGLD
ILQDQFLDO DQG VRFLDO DSSOLFDWLRQV >@ &06 HVSHFLDOO\ 2SHQ
6RXUFH&06DWWUDFWVPDQ\UHVHDUFKHUVWRH[SORUHLWVDELOLW\WR
PDQDJH NQRZOHGJH DQG SURFHVVHV HVSHFLDOO\ XQVWUXFWXUHG
LQIRUPDWLRQ DQG NQRZOHGJH > @ &ODLU >@ LPSOHPHQWHG
&06LQOLEUDULHVWRGHDOZLWKLVVXHVRIPHWDGDWDPDQDJHPHQW
VXFK DV WKH UHVSRQVLELOLW\ VWDQGDUGV ZRUNIORZV DQG EDUULHUV
RI PDQDJLQJ LW 6WDFFLQL HW DO >@ GHVFULEHG WKH PHWKRG RI
GHYHORSLQJDFROODERUDWLYHGLVWDQFHOHDUQLQJSODWIRUPE\XVLQJ
RSHQ VRXUFH &06 +RZHYHU WKHUH ZHUH IHZ DWWHPSWV WR
LPSOHPHQW&06LQHQJLQHHULQJ LQGXVWULHV WRPDQDJHSURGXFW
GDWD LQIRUPDWLRQ NQRZOHGJH DQG SURFHVV >@ 7KLV SDSHU
SUHVHQWV WKH LPSOHPHQWDWLRQRIDQ2SHQ6RXUFH&06V\VWHP
'UXSDOLQWKHSURGXFWPDLQWHQDQFHDQGVHUYLFHDSSOLFDWLRQV





7KH WHVWEHG &ROODERUDWLYH0DLQWHQDQFH 3ODQQLQJ 6\VWHP
&R036 >@ LV D VRIWZDUH PRGXOH FRQVWUXFWHG DQG
LPSOHPHQWHG XVLQJ WKH :HE &RQWHQW 0DQDJHPHQW 6\VWHP
&06 DQG GDWDEDVH PDQDJHPHQW V\VWHP 7KH VWUXFWXUH LV
VKRZQ LQ )LJ  ZKLFK FRQVLVWV RI WKH SURFHGXUHV DQG WLPH
SODQQLQJ IXQFWLRQV IRU VFKHGXOHG DQG XQVFKHGXOHG
PDLQWHQDQFH DQG VHUYLFHV IRU FRPSOH[ PDFKLQH WRROV 7KH
2SHQ 6RXUFH &06 XVHG LQ WKLV SDSHU LV 'UXSDO ZKLFK LV






'UXSDO EDODQFHV EHWZHHQ IOH[LELOLW\ DQG VLPSOLFLW\ LQ
HIILFLHQW:HEGHVLJQ >@DQG LWKDV WKH VWUHQJWKVRIFRQWHQW
PDQDJHPHQW V\VWHP &06 DQG FRQWHQW PDQDJHPHQW
IUDPHZRUN&0)ZKLOHDYRLGLQJWKHLUGHILFLHQFLHV>@7KH
&RQFHSWV WKDW DUH XVHG IRU GHYHORSPHQW LQ WKLV SURMHFW DUH
&RQWHQW7\SH SURGXFW FRPSRQHQW VHUYLFH UHTXHVW VFKHGXOH




9LHZ0RGXOHV 8VHU 0RGXOH IRU DGGLQJ UROHV DQG FRQWURO
XVHU SHUPLVVLRQV &RQWH[W 0RGXOH IRU PDQDJLQJ WKH SDJH
GLVSOD\V 1RGH +LHUDUFK\ 0RGXOH IRU JHQHUDWLQJ SURGXFW
KLHUDUFK\ &DOHQGDU 0RGXOH IRU GLVSOD\LQJ VFKHGXOHG
VHUYLFHV 0DHVWUR :RUNIORZ IRU FRQWUROOLQJ WKH VHUYLFH
UHTXHVW DQG VHUYLFH UHVSRQVH ZRUNIORZ 7D[RQRP\ 0RGXOH
IRU FODVVLI\LQJ NQRZOHGJH WKH ZRUGV LQ WKH EUDFNHWV DUH
VSHFLILF&RQFHSWVXVHGLQWKLVSDSHU
7KH'HYHORSHG&R036)XQFWLRQVE\'UXSDO
$FFRUGLQJ WR )LJ  WKH IXQFWLRQV GHYHORSHG LQ &R036
FDQEHGHVFULEHGLQWKHIROORZLQJVXEVHFWLRQV
0DQDJLQJ3URGXFW,QIRUPDWLRQDQG.QRZOHGJH
&RPSOH[ HQJLQHHULQJ SURGXFWV VXFK DVPDFKLQH WRROV DUH
FRPSRVHGRIPDQ\YDULRXVW\SHVRIFRPSRQHQWVZKLFKOHDGV
WR PRUH FRPSOLFDWHG VWUXFWXUH RI PDLQWHQDQFH DQG VHUYLFH
GRFXPHQWVDQGNQRZOHGJHLQRUGHUWRPDNHVWKHPDLQWHQDQFH
DQG VHUYLFHPDQDJHPHQW HDVLHU IRU VHUYLFHSURYLGHUV D FOHDU
DQG DFFXUDWH SURGXFW PRGHO IURP SURGXFW PDQXIDFWXUHUV WR
UHGXFHUHGXQGDQWNQRZOHGJHLVQHFHVVDU\,QRUGHUWRPDQDJH
SURGXFW LQIRUPDWLRQ 3URGXFW &RQWHQW 7\SH DQG &RPSRQHQW
&RQWHQW7\SHKDYHEHHQFUHDWHGDQGLQHDFKRIWKHPWKHUHLV
D 1RGH +LHUDUFK\ )LHOG DYDLODEOH XVLQJ 1RGH +LHUDUFK\
0RGXOH ZKLFK DOORZV 3URGXFWV WR EH WKH SDUHQW 1RGH RI
&RPSRQHQWV2QWKHULJKWKDQGVLGHRI)LJWKH3URGXFWOLVW
LV DFKLHYHGE\ XVLQJPHQXEORFN8VHUV FDQ FOLFN WKH4XLFN




7KH VHUYLFH WR FRPSOH[ HQJLQHHULQJ SURGXFWV KDV WR EH
UHTXHVWHG IURPPDQXIDFWXUHUV E\ WKH SURGXFW XVHUV DQG WKHQ
DVVLJQHG WR VHUYLFH SURYLGHUV DFFRUGLQJ WR UHTXLUHPHQWV DQG
FRQVWUDLQWV WKHQ PDLQWHQDQFH SODQV DQG H[HFXWLRQV ZLOO EH
FRQGXFWHG E\ VHUYLFH SURYLGHUV GXULQJ WKH SODQQLQJ VSDUH
SDUWV FRQVXPDEOHV DQG WRROV PD\ EH ERRNHG IURP SDUWV RU
WRRO VXSSOLHUV 7KLV SURFHVV LQYROYHV YDULRXV VWDNHKROGHUV WR
FRPSOHWH WKXV D FOHDU PDQDJHPHQW ZRUNIORZ WKDW DOORZV
WKHPWRFROODERUDWHZLWKHDFKRWKHULVQHFHVVDU\
7KH ZRUNIORZ LQ &R036 LV FRQWUROOHG E\ 0DHVWUR
:RUNIORZ 0RGXOH EDFNHQG E\ ZKLFK WKH FROODERUDWLYH
ZRUNIORZLVPDGH)LJ(DFKZRUNIORZKDVDVWDUWDQGHQG
ER[ WR FRQWURO ZKHQ WR VWDUW DQG HQG KHUH LW LV VWDUWHG E\
FUHDWLQJ D VHUYLFH UHTXHVW WKHQ WKH EOXH ER[HV RI ³FRQWHQW
W\SHWDVN´DOORZXVHUVWRDGGYDOXHV\HOORZER[HVDUH³LIWKHQ´
FRQGLWLRQ WR MXGJHZKLFKZD\ WR IROORZ DQG JUH\ER[HV DUH
IXQFWLRQV WKDW GHWHUPLQHV GLIIHUHQW UHVXOWV WKHVH ER[HV DUH
DVVLJQHG WR GLIIHUHQW XVHUV ZKR KDYH FHUWDLQ UROHV VXFK DV
LQLWLDWRU PDQDJHUV HQJLQHHUV HWF WKXV WKH\ FDQ H[HFXWH
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GLIIHUHQW WDVNV VXFK DV UHTXHVW VHUYLFHV DVVLJQ HQJLQHHUV
UHVSRQVHWRUHTXHVWVDQGJLYHIHHGEDFN
$SDUW IURP ZRUNIORZ PDQDJHPHQW IRU UHTXHVWHG VHUYLFH
WKHVFKHGXOHGVHUYLFHLVDOVRWDNHQLQWRDFFRXQW7KHPDFKLQH
WRROV¶ SDUWLFXODULW\ KDV WREH WDNHQ LQWR DFFRXQW EHFDXVH WKH
PDFKLQHWRRORQRQHKDQGLVDSURGXFWRIWKHPDQXIDFWXUHURQ
WKH RWKHU KDQG LV D W\SH RI PDFKLQLQJ HTXLSPHQW LQ
PDQXIDFWXULQJ V\VWHPV ± WKH PDFKLQH WRRO XVHUV WKXV WKH
VHUYLFH VFKHGXOLQJ VKRXOG FRQVLGHU NQRZOHGJH IURP ERWK
VWDNHKROGHUV:LWK WKH &DOHQGDU0RGXOH HQJLQHHUV FDQ DGG
VFKHGXOHVEDVHGRQPDFKLQHWRROV¶PDFKLQLQJVFKHGXOLQJDQG
H[LVWLQJ VHUYLFH VFKHGXOH $IWHU FUHDWHG ZKHWKHU PDFKLQLQJ
VFKHGXOHV RU VHUYLFH VFKHGXOHV WKH\ FDQ EH GLVSOD\HG ZLWK
GLIIHUHQW FRORXUV IRU H[DPSOH PDFKLQLQJ VFKHGXOHV DUH
GLVSOD\HGLQUHGDQGVHUYLFHVFKHGXOHVDUHGLVSOD\HGLQJUHHQ
:LWKGLIIHUHQWFRORXUVFRQIXVLRQDQGFRQIOLFWVFDQEHDYRLGHG
ZKHQ FUHDWLQJ DQRWKHU VFKHGXOH'LIIHUHQW YLHZV RI FDOHQGDU








7KH PDLQWHQDQFH UHSDLU DQG VHUYLFH DFWLRQV IRU PDFKLQH
WRROV UHTXLUHV KLJK TXDOLILHG DQG H[SHULHQFHG HQJLQHHUV WR
DYRLG IDXOWV GXULQJ VHUYLFH H[HFXWLRQ WKXV LW LV QHFHVVDU\ WR
PDQDJH OHVVRQV OHDUQW IRU H[LVWLQJ HQJLQHHUV WR OHDUQ
FRQWLQXRXVO\RUQHZHQJLQHHUVWREHWUDLQHG/HVVRQVOHDUQWLV
WKH NQRZOHGJH WKDW REWDLQHG IURP SUHYLRXV H[SHULHQFHV
FDSWXUHG LQ&R036 E\ HQJLQHHUV ZKR H[HFXWH WKH WDVNV RQ
RQHKDQGVRPHRIWKHHQJLQHHUVZLOOJHQHUDOL]HEHVWSUDFWLFHV
EDVHG RQ WKHLU RZQ H[SHULHQFHV RQ WKH RWKHU KDQG VHUYLFH
WHDP PHPEHUV RU H[SHUWV LQ FRPSDQ\ ZKR KDYH ULFK
H[SHULHQFHV RU DUH IDPLOLDU ZLWK VHUYLFH H[HFXWLRQV ZLOO
FRQGXFW SHULRG PHHWLQJV WR VXPPDUL]H RU FRQFOXGH OHVVRQV
OHDUQW E\ UHYLHZLQJ SUHYLRXV H[SHULHQFHV $EXQGDQW OHVVRQV
OHDUQWDUHJHQHUDWHGE\GLIIHUHQWSHRSOHDQGVWRUHGLQGLIIHUHQW
IRUPDWV VXFK DV ZRUG H[FHO IRUPV RU GDWDEDVHV DQG LQ
GLIIHUHQW SODFHV VXFK DV3/0V\VWHPRU&$'V\VWHPV3RRU
PDQDJHPHQW WR VXFK OHVVRQV OHDUQW OHDG WR ORZ HIILFLHQF\ WR
EHUHXVHG
7KH PDLQ SXUSRVH IRU PDQDJLQJ OHVVRQV OHDUQW LV IRU
OHDUQLQJ DQG UHXVLQJSUHYLRXVNQRZOHGJHPRUH HIILFLHQWO\ LQ
WKH IXWXUH 'XH WR WKH FRPSOH[ PDFKLQH WRRO¶V SURGXFW
VWUXFWXUH DQG PDLQWHQDQFH SURFHVV LW LV LPSRUWDQW WR KDYH
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FOHDUFODVVLILFDWLRQRI WKHNQRZOHGJHVR WKDW WRDXWRPDWLFDOO\
GLVSOD\ UHODWHG NQRZOHGJH OLQNV WR HQJLQHHUV EDVHG RQ WKHLU
FXUUHQW UHTXLUHPHQWV WKH\ FDQ OHDUQ WKH NQRZOHGJH E\
FKHFNLQJWKHVHOLQNV
,Q'UXSDO WKH7D[RQRP\0RGXOHFDQKHOS WRDFKLHYH WKH
FODVVLILFDWLRQDVLVVHHQLQ)LJ7KHOHVVRQVOHDUQWQRWRQO\
LQFOXGH NQRZOHGJH DERXW PDLQWHQDQFH RSHUDWLRQV EXW DOVR
PDFKLQLQJ RSHUDWLRQV PDFKLQH WRRO LPSURYHPHQW DQG
UHVRXUFHV EHFDXVH WKH HQJLQHHUV¶ KDELWV LQ PDFKLQLQJ
LQIOXHQFH PDFKLQH¶V RSHUDWLRQ FRQGLWLRQV DQG UHVRXUFHV
VXSSOHPHQW LQIOXHQFHV WKH PDLQWHQDQFH HIILFLHQF\ RQ WKH
RWKHU KDQG LW UHTXLUHV WR FKHFN OHVVRQV OHDUQW ZKHQ WKH
PDFKLQH FRPSRQHQW LV GLDJQRVHG WKXV WKH IDLOXUH PRGH
WD[RQRP\LVQHFHVVDU\WREHUHIHUHQFHGDQGWKHIDLOXUHPRGH
LQFOXGHV (OHFWURQLF IDLOXUH0HFKDQLFDO IDLOXUH DQG$VVLVWDQW
V\VWHP IDLOXUH 7KXV ³/HVVRQV /HDUQW´ DQG ³)DLOXUH 0RGH´
WD[RQRPLHVDQG WKHLU WHUPVFDQEHVHHQDV)LJDDQG)LJ
EUHVSHFWLYHO\
,Q RUGHU WR UHFRUG OHVVRQV OHDUQW D FRQWHQW W\SH QDPHG





%RG\ ILHOG WKH FODVVLILFDWLRQ FDQ EH DFKLHYHG E\ UHIHUULQJ
SUHGHILQHG WD[RQRPLHV LQ WKH 5HIHUHQFH ILHOG VXFK DV
³5HODWHG DUHD´ DQG ³5HODWHG IDLOXUHPRGH´ WD[RQRPLHV )LJ
F(DFKWLPHZKHQFUHDWLQJDQHZOHVVRQVOHDUQWWKHVHWZR








7KLV SDSHU SUHVHQWHG D FROODERUDWLYH PDLQWHQDQFH DQG
VHUYLFH SODQQLQJ V\VWHP &R036ZKLFK LV GHYHORSHG XVLQJ
DQ 2SHQ 6RXUFH &RQWHQW 0DQDJHPHQW 6\VWHP &06 ±
'UXSDO,WKDVEHHQLQWURGXFHGLQVHFWLRQWKDWWKHV\VWHPKDV
IRXUPDLQIXQFWLRQVHDFKRIWKHPH[FHSW³8VHUDFFHVVFRQWURO´
UHTXLUHV GLIIHUHQW VWDNHKROGHUV WR FRQWULEXWH NQRZOHGJH DQG
DOORZVRWKHUVWRUHXVH
x 3URGXFW LQIRUPDWLRQ DQG NQRZOHGJH LV FRPLQJ IURP
SURGXFWPDQXIDFWXUHUVEXWIRUVHUYLFHSURYLGHUVWRXVH
x 7KH FRUUHFWLYH PDLQWHQDQFH ZRUNIORZ LQYROYHV
VWDNHKROGHUV OLNH FXVWRPHUV WR UHTXHVW VHUYLFHV VHUYLFH
PDQDJHUV WR DVVLJQ HQJLQHHUV DQG VHUYLFH HQJLQHHUV WR
UHVSRQVHWRSUREOHPV
x 6FKHGXOHGVHUYLFHSODQQLQJQHHGWRFRQVLGHUERWKPDFKLQH
WRRO¶V PDFKLQLQJ VFKHGXOH IURP PDFKLQH WRRO XVHUV DQG
H[LVWLQJVHUYLFHSODQVIURPVHUYLFHVXSSOLHUV
x /HVVRQV OHDUQW DUH FRQWULEXWHG E\ H[SHUWV LQ WKH SURGXFW
VHUYLFH V\VWHP DQG WKHQ UHXVHG E\ QRW RQO\ VHUYLFH
HQJLQHHUV WR HQKDQFH WKHLU VHUYLFH DFWLRQV EXW DOVR
PDFKLQHWRROXVHUVWRLQVWUXFWWKHLURSHUDWLRQVRUUHVRXUFHV
RUJDQL]HUVWRSURSHUO\FRQILJXUHPDLQWHQDQFHUHVRXUFHVHWF
7KLV SDSHU QRW RQO\ HODERUDWHG WKHVH FROODERUDWLRQV LQ
SURGXFWVHUYLFHV\VWHPEXWDOVRGHYHORSHGLWE\RSHQVRXUFH
&06 2SHQ VRXUFH &06 DJDLQVW WUDGLWLRQDO HQJLQHHULQJ
V\VWHPV KDV VHYHUDO DGYDQWDJHV IRU H[DPSOH LW LV HDV\ WR
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